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(S7)Abstract: 

PROBLEM TO BE SOLVED: To produce a nitrogen-doped silicon single crystal wafer in > 
high productivity by excluding dislocation cluster while remaining excess interstitial silicon 
atoms over the whole surface or a part of crystal. ^ 
SOLUTION: A silicon single crystal is grown by Czochralski process by pulling up the O 
crystal while doping the crystal with nitrogen under a condition to hold excess interstitial ^ 
silicon atoms over the whole area of a part of the crystal. The distribution of defect is 
shifted to the high-speed side of the pull-up speed and the generation of dislocation cluster 
ordinarily occuring at an l-rich region is prevented by this process. Accordingly, the 
controlling tolerance is widened and the control becomes easy when the crystal is pulled 
up in a region having l-rich region over the whole surface or a part of the crystal and a 
silicon single crystal having extremely low defect density and free from dislocation cluster 
even in an l-rich region can be produced in high productivity. Preferably, the amount of 
doped nitrogen is >1*1014 atoms/cm3 and the oxygen concentration in the crystal is <1* 
1018 atoms/cm3. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal wafer characterized by eliminating the rearrangement cluster 
although it is the silicon single crystal wafer raised by the Czochrlski method and the silicon between 
grids exists in the whole crystal surface or some fields superfluously. 

[Claim 2] The silicon single crystal wafer characterized by being the silicon single crystal wafer 
raised by the Czochrlski method, and doping nitrogen, and the silicon between grids existing in the 
whole crystal surface or some fields superfluously. 

[Claim 3] The silicon single crystal wafer characterized by eliminating the rearrangement cluster 

although it is the silicon single crystal wafer raised by the Czochrlski method, and nitrogen is doped 

and the silicon between grids exists in the whole crystal surface or some fields superfluously. 

[Claim 4] The silicon single crystal wafer indicated in any 1 term of claim 1 characterized by 

eliminating the hole mold defect from the whole crystal surface thru/or claim 3. 

[Claim 5] Said doped nitrogen concentration is 1x1014 atoms/cm3. Silicon single crystal wafer 

indicated in any 1 term of claim 2 characterized by being above thru/or claim 4. 

[Claim 6] An oxygen density is 1x1018 atoms/cm3 during a crystal. Silicon single crystal wafer 

indicated in any 1 term of claim 1 characterized by being the following thru/or claim 5. 

[Claim 7] The silicon single crystal wafer which is a silicon single crystal wafer indicated in any 1 

term of said claim 2 thru/or claim 6, and is characterized by carrying out out-diffusion of the 

nitrogen on the front face of a wafer by heat treatment. 

[Claim 8] The manufacture approach of the silicon single crystal wafer characterized by pulling up 
on the conditions from which the silicon between grids becomes superfluous in the whole crystal 
surface or some fields while doping nitrogen in case a silicon single crystal is raised with the 
Czochrlski method. 

[Claim 9] The manufacture approach of the silicon single crystal wafer characterized by pulling up 
on the conditions which the silicon between grids becomes superfluous in the whole crystal surface 
or some fields, doping nitrogen, and a hole mold defect does not produce all over a crystal in case a 
silicon single crystal is raised with the Czochrlski method. 

[Claim 10] In case a silicon single crystal is raised with the Czochrlski method, a pull-up rate is set 
to F [mm/min]. When the average of inclination is expressed with G [**/mm] from the melting point 
of silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ], [ when pulling up a crystal in the I-rich field of the defective distribution map in which 
having set the axis of abscissa as the distance D from a crystal center to the crystal circumference 
[mm], and having shown defective distribution by setting an axis of ordinate as the value of F/G 
[mm2 / **, and min] ] The manufacture approach of the silicon single crystal wafer characterized by 
pulling up a crystal, doping nitrogen. 

[Claim 11] The manufacture approach of the silicon single crystal wafer indicated in any 1 term of 
claim 8 characterized by facing raising a crystal and impressing a magnetic field with said 
Czochrlski method thru/or claim 10. 

[Claim 12] It is said nitrogen concentration to dope 1x1014 atoms/cm3 The manufacture approach of 
the silicon single crystal wafer indicated in any 1 term of claim 8 characterized by considering as the 
above thru/or claim 1 1 . 

[Claim 13] It is an oxygen density during a crystal 1x1018 atoms/cm3 The manufacture approach of 
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the silicon single crystal wafer indicated in any 1 term of claim 8 characterized by considering as the 
following thru/or claim 12. 

[Claim 14] The manufacture approach of the silicon single crystal wafer characterized by adding 
heat treatment to the silicon single crystal wafer obtained by the approach indicated in any 1 term of 
said claim 8 thru/or claim 13, and carrying out out-diffusion of the nitrogen on the front face of a 
wafer. 

[Claim 15] The manufacture approach of the silicon single crystal wafer indicated to claim 14 
characterized by performing said heat treatment with rapid heating and quick cooling equipment. 



[Translation done.] 



http://ww4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3 A%2F%2Fwww4.i... 1 0/1 8/2005 



JP,11-349394,A [DETAILED DESCRIPTION] 



Page 1 of 10 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by 'the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a silicon single crystal wafer with few crystal 

defects, and its manufacture approach. 

[0002] 

[Description of the Prior Art] In recent years, the quality demand to the silicon single crystal 
produced with the Czochrlski method (it is hereafter written as a CZ process) used as the substrate 
has been increasing with detailed-izing of the component accompanying high integration of 
semiconductor circuits, such as DRAM. The defect of a single crystal growth reason in which the 
oxide film proof-pressure property especially called grown-in (Grown-in) defects, such as FPD, 
LSTD, and COP, and the property of a device are worsened exists, and importance is attached to 
reduction of the consistency and size. 

[0003] In explaining these defects, it explains being known generally about the factor which 
determines each concentration of the point defect of the hole mold first called the Vacancy (it may 
outline Vacancy and Following V) incorporated by the silicon single crystal, and the mold silicon 
point defect between grids called Interstitial-Si (it may outline Interstitial-Si and Following I) 
incorporated. 

[0004] In a silicon single crystal, V fields are Vacancy, i.e., the crevice generated from lack of a 
silicon atom, and a field with many things like a hole. With an I region It is the thing of a field with 
many lumps of the rearrangement and the excessive silicon atom which are generated when a silicon 
atom exists too much. Between V field and an I region The neutral (it may outline Neutral and 
Following N) field without lack of an atom or an excess (few) will exist. And with [ even if said 
grown-in defects (FPD, LSTD, COP, etc.) occur when V and I are in a condition / ****** / to the 
last, and it has the bias of some atoms ] saturation [ below ], it has turned out that it does not exist as 
a defect. 

[0005] The concentration of both this point defect is decided from the pull-up rate (growth rate) of 
the crystal in a CZ process, and relation with the temperature gradient G near [ under crystal ] the 
solid-liquid interface, and existence of the defect of the shape of a ring called OSF (an oxidation 
induction stacking fault, Oxidation Indused Stacking Fault) is checked in the boundary neighborhood 
of V field and an I region. 

[0006] A classification of the defect of these crystal growth reason calls the V-rich field the field 
where grown-in defects by which it is considered as the void reason to which hole type point defects 
gathered when a growth rate is a high speed comparatively, the above before and after 0.6 mm/min 
and, such as FPD, LSTD, and COP, exist in high density throughout the direction of the diameter of 
a crystal, for example, and these defects exist. Moreover, when a growth rate is 0.6 or less mm/min, 
the field where the above-mentioned OSF ring is generated from the circumference of a crystal with 
the fall of a growth rate, the defect of ratio of length to diameter (the cable address of the dislocation 
loop between Large Dislocationrgrids, LSEPD, LFPD, etc.: these are also called a rearrangement 
cluster) considered to be a dislocation loop reason by the outside of this ring exists in a low 
consistency, and these defects exist is called the I-rich field. Furthermore, if a growth rate is made 
into a low speed below at 0.4 mm/min order, an OSF ring will condense and disappear at the core of 
a wafer, and the whole surface will serve as an I-rich field. 
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[0007] Moreover, the existence of the field where neither FPD of a hole reason, LSTD, COP nor 
LSEPD of a dislocation loop reason and LFPD exist called N field to the outside of an OSF ring is 
discovered in the middle of a V-rich field and an I-rich field recently. This field is the I-rich field 
side which is not so rich as there is almost no precipitation of oxygen by being in the outside of an 
OSF ring when oxygen precipitation heat treatment is performed and the contrast of a deposit is 
checked by X-ray observation etc., and rearrangement clusters, such as LSEPD and LFPD, are 
formed. 

[0008] Since this N-field existed aslant to growth shaft orientations by the usual approach when a 
growth rate is lowered, it existed only in the part in the wafer side. About this N-field, it has recited 
that a parameter called F/G which is the ratio of a pull-up rate (F) and a crystal solid-liquid interface 
shaft-orientations temperature gradient (G) determines the total concentration of a point defect by the 
Voronkov theory (V. V.Voronkov; Journal of Crystal Growth, 59 (1982) 625-643). Only a crystal 
into which a core serves as an I-rich field on the outskirts across N-field in a V-rich field at a certain 
pull-up rate since it pulls up in a field, and the rate must be regularity and G has distribution in a 
field when it thinks from this was obtained. 

[0009] Then, distribution of G within a field was improved, and when this N-field where that it is 
only slanting existed was pulled up lowering for example, the pull-up rate F gradually, the crystal 
with which N-field spread all over width at a certain pull-up rate could be manufactured recently. 
Moreover, in order to expand the crystal of this whole surface N-field in the die-length direction, if a 
pull-up rate when this N-field spreads horizontally is maintained and pulled up, it can attain to some 
extent. Moreover, when adjusting the pull-up rate in consideration of G changing so that it might be 
amended and F/G might become fixed to the last as the crystal grew, as it is, the crystal used as a 
whole surface N-field could be expanded also in the growth direction. A grown-in defect does not 
exist in this whole surface N-field crystal at all, but an oxide-film proof-pressure property is also 
good. 

[0010] There is the cooling-slowly method as a defective decreasing method currently performed in 
the present condition besides above. By pulling up the crystal in a field which this is a comparatively 
quick pull-up rate, and is called a whole surface V-rich field in a crystal and in which a hole exists 
superfluously, and lengthening pass time of a 1 150-1 08 0-degree C temperature zone region during 
crystal pulling, it is the approach of reducing the consistency of a defect and, thereby, the oxide-film 
proof-pressure property is improved. 

[001 1] Moreover, a pull-up rate is made late, there is a method of pulling up a crystal in a field in 
which the silicon between grids called an I-rich field exists superfluously, COP etc. hardly exists but 
its oxide-film proof-pressure property is also good according to this approach. Furthermore, it is V 
from the former. - The approach of doping nitrogen is performed into the rich crystal, and what has 
very few FPD and COP is made. 
[0012] 

[Problem(s) to be Solved by the Invention] However, if it carries out from Voronkov's theory when it 
is going to extend and manufacture a super-low defective field like a whole surface N-field into the 
whole crystal, and it is going to accelerate the pull-up rate F Although what is necessary is just to 
have enlarged the solid-liquid interface shaft-orientations temperature gradient G of a crystal, since it 
was necessary to make G into homogeneity in the longitudinal direction of a crystal and a limitation 
was in the structure in a furnace of crystal growth equipment (hot zone: HZ), there was a limitation 
in accelerating a growth rate. Moreover, the control range of the pull-up rate used as N-field was 
narrow, and it was difficult to expand N-field to the shaft orientations of a crystal, and unsuitable for 
fertilization. 

[0013] Moreover, even if the V-rich field cooling-slowly method lowers the consistency of a defect, 
enlarging size of a defect is checked and it has not become fundamental solution. Furthermore, it 
turns out that a huge dislocation loop (rearrangement cluster) exists in an I-rich crystal, a current 
leaks through this rearrangement in a device, and stopping achieving the function as a P-N junction 
is known. Moreover, gettering capacity is [ that precipitation of oxygen cannot happen easily rather 
than a V-rich crystal ] insufficient if the same oxygen density compares. 

[0014] And although a grown-in defect was not observed apparently, when the crystal (a V-rich 
crystal mostly) of the usual CZ process which doped nitrogen evaluated in the detail, there is only 
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effectiveness that nitrogen suppresses condensation of a defect and it was checked that a small defect 
exists in high density in large quantities. It was not so good when oxide-film proof-pressure 
measurement of this crystal was furthermore performed. 

[0015] This invention was made in view of such a trouble, its control width of face is wide under a 
high speed, and it continues all over an I-rich crystal under the manufacture conditions which are 
easy to control, and aims at obtaining the silicon single crystal wafer by the CZ process which 
consists of an I-rich field which is super-low defect density and eliminated especially the 
rearrangement cluster, maintaining the sex from Takao. 
[0016] 

[Means for Solving the Problem] It was accomplished in order that this invention might attain said 
purpose, and it is the silicon single crystal wafer with which invention which carried out the account 
publication at claim 1 of this invention was raised by the Czochrlski method, and although the 
silicon between grids exists in the whole crystal surface or some fields superfluously, it is the silicon 
single crystal wafer characterized by eliminating the rearrangement cluster. 

[0017] And invention indicated to claim 2 is the silicon single crystal wafer raised by the Czochrlski 
method, and is a silicon single crystal wafer characterized by doping nitrogen and the silicon 
between grids existing in the whole crystal surface or some fields superfluously. 
[0018] Invention furthermore indicated to claim 3 is the silicon single crystal wafer raised by the 
Czochrlski method, and although nitrogen is doped and the silicon between grids exists in the whole 
crystal surface or some fields superfluously, it is a silicon single crystal wafer characterized by 
eliminating the rearrangement cluster. 

[0019] And invention indicated to claim 4 shall be the silicon single crystal wafer indicated by claim 
1 thru/or claim 3, and the hole mold defect shall be eliminated from the whole crystal surface. 
[0020] And it is the doped nitrogen concentration like claim 5 in this case 1x1014 atoms/cm3 It 
considers as the above and is an oxygen density during a crystal like claim 6 1x1018 atoms/cm3 It 
can consider as the following. 

[0021] And invention indicated to claim 7 of this invention is the silicon single crystal wafer 
indicated in any 1 term of said claim 2 thru/or claim 6, and out-diffusion of the nitrogen on the front 
face of a wafer is carried out by heat treatment. 

[0022] And such a manufacture approach of a silicon single crystal wafer is the manufacture 
approach of the silicon single crystal wafer characterized by pulling up on the conditions from which 
the silicon between grids becomes superfluous in the whole crystal surface or some fields, doping 
nitrogen, in case a silicon single crystal is raised with the Czochrlski method, as indicated to claim 8 
of this invention. 

[0023] Thus, if a crystal is pulled up doping nitrogen, while defective distribution will pull up and 
shifting to the high-speed side of a rate, the rearrangement cluster which should be generated to an I- 
rich field is eliminated. Therefore, if the whole surface or a part pulls up a crystal in the field which 
is an I-rich field, though control width of face is wide, and control is also easy width of face and it is 
an I-rich field, the super-low defective silicon single crystal wafer which eliminated the 
rearrangement cluster can be maintained, and the sex from Takao can be manufactured. 
[0024] Furthermore, in case invention indicated to claim 9 raises a silicon single crystal with the 
Czochrlski method, it is the manufacture approach of the silicon single crystal wafer characterized 
by pulling up on the conditions which the silicon between grids becomes superfluous in the whole 
crystal surface or some fields, doping nitrogen, and a hole mold defect does not produce all over a 
crystal. If it does in this way, since [ the whole surface or a part of] formation of the so-called V-rich 
field and OSF ring with which a hole mold defect exists is eliminated can pull up a crystal easily in 
the field which is an I-rich field. 

[0025] In addition, invention indicated to claim 10 of this invention In case a silicon single crystal is 
raised with the Czochrlski method, a pull-up rate is set to F [mm/min]. When the average of 
inclination is expressed with G [**/mm] from the melting point of silicon whenever [ crystal internal 
temperature / of the pull-up shaft orientations between 1400 degrees C ], [ when pulling up a crystal 
in the I-rich field of the defective distribution map in which having set the axis of abscissa as the 
distance D from a crystal center to the crystal circumference [mm], and having shown defective 
distribution by setting an axis of ordinate as the value of F/G [mm2 / **, and min] ] It is the 
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manufacture approach of the silicon single crystal wafer characterized by pulling up a crystal, doping 
nitrogen. 

[0026] Thus, a rearrangement cluster is eliminated while a pull-up rate will shift to a high-speed side, 
if the average G of inclination is controlled from the pull-up rate F of a crystal, and the melting point 
of silicon whenever [ crystal internal temperature / of the pull-up shaft orientations between 1400 
degrees C ] and a crystal is pulled up, doping nitrogen based on the defective distribution map of 
drawing 1 which analyzed and searched for the result of an experiment and investigation so that it 
may be settled in an I-rich field. Therefore, if it pulls up on I-rich field crystal manufacture 
conditions, doping nitrogen, control width of face is wide, control is also easy, and since it can pull 
up comparatively at high speed, the sex from Takao can be maintained and a silicon single crystal 
wafer can be manufactured. 

[0027] Namely, according to this approach, the silicon between grids exists in the whole crystal 
surface or some fields superfluously, but The silicon single crystal wafer with which the 
rearrangement cluster is eliminated, or nitrogen is doped. And the silicon single crystal wafer or 
nitrogen with which the silicon between grids exists in the whole crystal surface or some fields 
superfluously is doped. And although the silicon between grids exists in the whole crystal surface or 
some fields superfluously, the silicon single crystal wafer with which the rearrangement cluster is 
eliminated can be manufactured. These silicon single crystal wafers are excellent in an oxide-film 
proof-pressure property, and have the property that the defect of a leak system does not occur. 
[0028] In this case, as indicated to claim 1 1, it is desirable to face to raise a crystal and to impress a 
magnetic field with the Czochrlski method. Thus, according to the so-called MCZ method, it 
multiplies by the effectiveness of a nitrogen dope and a pull-up rate shifts to a high-speed side. 
Therefore, if it pulls up on I-rich field crystal manufacture conditions, impressing a magnetic field 
and doping nitrogen, control width of face is wide, control is also easy, and a pull-up rate can be 
accelerated, the sex from Takao can be maintained, and the silicon single crystal wafer of a super- 
low defect can be manufactured. 

[0029] Moreover, it is the nitrogen concentration doped as indicated to claim 12 1x1014 atoms/cm3 
Carrying out above is desirable. This is 1x1014 atoms/cm3, in order to control formation of the 
rearrangement cluster in an I-rich crystal and to extinguish it. It is because carrying out above is 
desirable. 

[0030] Furthermore, as indicated to claim 13, it is an oxygen density during a crystal 1x1018 
atoms/cm3 Considering as the following is desirable. Thus, formation of hypoxia, then a crystal 
defect can be controlled further, and the abnormality precipitation of oxygen in heat treatment can 
also be reduced. 

[0031] Next, invention indicated to claim 14 of this invention is the manufacture approach of a 
silicon single crystal wafer of adding heat treatment to the silicon single crystal wafer obtained by 
claim 8 thru/or the approach according to claim 13, and having been made to carry out out-diffusion 
of the nitrogen on the front face of a wafer to it. If it does in this way, there is no nitrogen in a wafer 
front face, and abnormality precipitation of oxygen can be prevented. Moreover, since nitrogen 
contains the bulk section of a wafer, a deposit of oxygen is promoted and it can manufacture the 
wafer which fully has the in thorin chic gettering effectiveness (the IG effectiveness). 
[0032] In this case, as indicated to claim 15, it is desirable to perform said heat treatment with rapid 
heating and quick cooling equipment [for it to be hereafter called RTA (Rapid Thermal Anneler) 
equipment]. This equipment is an automatic continuation thermal treatment equipment of single 
wafer processing, and it can perform effective heat treatment of a short time for several seconds - 
hundreds of seconds, without giving the prolonged heat history with much evil to a wafer, since 
heating before and behind heat treatment and cooling are performed in several seconds - hundreds of 
seconds. 

[0033] Hereafter, although explained to a detail per this invention, this invention is not limited to 
these. In advance of explanation, lessons is taken from each vocabulary, and it explains beforehand. 
1) K2 Cr 207 after cutting down a wafer from the silicon single crystal rod after growth and etching 
and removing a surface distortion layer with the mixed liquor of fluoric acid and a nitric acid in FPD 
(Flow Pattern Defect) A pit and a ripple pattern arise by etching a front face with the mixed liquor of 
fluoric acid and water (Secco etching). This ripple pattern is called FPD, and the defects of oxide- 
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film pressure-proofing increase in number, so that the FPD consistency within a wafer side is high 
(refer to JP,4-192345,A). 

[0034] 2) When the same Secco etching as FPD is performed, call SEPD (Secco Etch Pit Defect) a 
thing without FPD, a call, and a flow pattern for the thing accompanied by a flow pattern (flow 
pattern) with SEPD. When it is thought in this that large SEPD (LSEPD) 10 micrometers or more 
originates in a rearrangement cluster and a rearrangement cluster exists in a device, a current leaks 
through this rearrangement and it stops achieving the function as a P-N junction. 
[0035] 3) Cut down a wafer from the silicon single crystal rod after growth, and carry out cleavage 
of the wafer to LSTD (Laser Scattering Tomography Defect) after etching and removing a surface 
distortion layer with the mixed liquor of fluoric acid and a nitric acid. Incidence of the infrared light 
can be carried out from this cleavage plane, and the defect scattering light which exists in a wafer 
can be detected by detecting the light which came out from the wafer front face. About the scatterer 
observed here, it is a society etc., there is already a report, and it is regarded as the oxygen sludge (J. 
J.A.P. Vol.32, P3679, 1993 reference). Moreover, the result that it is the void (hole) of octahedron is 
also reported by the latest research. 

[0036] 4) the defect which becomes the cause of degrading oxide film pressure-proofing of the core 
of a wafer, with COP (Crystal Originated Particle) — it is — Secco ~ by SC-1 washing (washing by 
the mixed liquor of NH4 OH:H2 02:H2 0=1:1:10), the defect set to FPD if dirty works as a 
selection etching reagent, and is set to COP. The diameter of this pit is investigated with light 
scattering measurement by 1 micrometer or less. 

[0037] 5) There are LSEPD, LFPD, etc. in ratio of length to diameter (Large Dislocation: cable 
address of the dislocation loop between grids), and the rearrangement cluster or the huge dislocation 
loop is also told to it by the defect considered to be a dislocation loop reason. A large thing 10 
micrometers or more is said that LSEPD described above also in SEPD. Moreover, also in FPD 
which LFPD described above, the magnitude of a tip pit says a large thing 10 micrometers or more, 
and it is considered the rearrangement cluster of a dislocation loop reason also here. 
[0038] the place investigated in the detail about the boundary neighborhood of V field and an I 
region about the silicon single crystal growth by the CZ process as this invention persons proposed 
by Japanese Patent Application No. No. 199415 [ nine to ] previously — **** of this boundary 
neighborhood ~ the narrow field had few FPD(s), LSTD(s), and COP remarkably, and it discovered 
that there was a neutral field (N-field) where LSEPD does not exist, either. 

[0039] Then, if this N-field can be extended all over a wafer, it will conceive that a point defect can 
be reduced sharply, and since the pull-up rate is almost fixed in the wafer side of a crystal, the main 
factors which determine concentration distribution of the point defect within a field will be 
temperature gradients in a growth (pull-up) rate and the relation of a temperature gradient. That a 
difference is in the temperature gradient of shaft orientations in a wafer side that is, on a problem If 
this difference can be reduced, that the concentration difference of the point defect within a wafer 
side can also be reduced A header, When controlling whenever [ furnace temperature ], pulling up 
the difference of the temperature gradient Gc of the crystal center section, and the temperature 
gradient germanium of a crystal circumference part so that it might be set to **G=(germanium-Gc) 
<=5 degree-C/cm, and adjusting the rate, a wafer without the defect which the whole wafer surface 
becomes from N field came to be obtained. However, by this approach, since a limitation was in the 
structure of HZ, there was a limitation in accelerating a growth rate. 

[0040] On the other hand, about the effect of an impurity to grown-in defect distribution, when light 
element impurities, such as nitrogen, are doped, when boron is doped from the former, it is reported 
that it is hard coming to generate that the growth rate which an OSF ring reduces becomes a little 
quick, and a dislocation loop. Moreover, if nitrogen is doped in a silicon single crystal, condensation 
of the atomic hole in silicon is controlled and it is pointed out that a crystal defect consistency falls 
(T. 3 Abe and H.Takeno, Mat.Res.Soc.Symp.Proc. Vol.262, and 1992). 

[0041] Then, as a result of **G which is the difference of the temperature gradient of the crystal 
center section and a crystal periphery using crystal pulling equipment equipped with the usual large 
structure in a furnace, changing a pull-up rate and investigating the inside of the crystal face about a 
nitrogen dope, the following knowledge was newly acquired, terms and conditions were established, 
and this invention was completed. 
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[0042] That is, while the pull-up rate about defective distribution shifted to the high-speed side by 
doping nitrogen, it turned out that the rearrangement cluster which should be generated in an I-rich 
field is lost. This becomes clear, as a result of it pulls up doping nitrogen, and the rate was changed, 
grew up the crystal, cut down a wafer from the obtained single crystal rod, and measuring a glow in 
defect, and performing thermal oxidation processing and checking the existence of OSF ring 
generating. It is drawing 1 and the defective distribution map of drawing 5 which were created based 
on the result. 

[0043] Drawing 1 is a silicon single crystal with a diameter of 6 inches, and is the amount of 
nitrogen dopes 1x1014 atoms/cm3 When it carries out, it is defective ****** when pulling up 
lowering a pull-up rate, and an axis of abscissa is set as the direction location of a path of a crystal, 
and F/G value is expressed as an axis of ordinate. Between a crystal center location and the location 
from a core to about 50mm, the boundary which eliminated the V-rich field goes up gently from 
0.237mm2 / **, and min, and if it applies to a periphery from this location, it is on the line which 
increased F/G value, so that clearly from drawing 1 . Moreover, in the case of a nitrogen dope, the 
boundary with N-field / I-rich field is not clear, but since **G is large, it does not become a whole 
surface N-field like drawing 5 , but surrounding [ a part of] has become an I-rich field. That is, when 
it explains in drawing 1 , radial [ of one wafer, i.e., a crystal, ] will follow F/G string as shown with a 
broken line. Therefore, what is necessary is just to make it become below 0.237mm2 / **, and min in 
a crystal center location, in order for the whole surface or the part which eliminated the V-rich field 
in a wafer to make the most of an I-rich field and the becoming field. 

[0044] Drawing 5 is a silicon single crystal with a diameter of 6 inches, and is the amount of 
nitrogen dopes 1x1014 atoms/cm3 When it carries out, it is defective ****** when pulling up 
lowering a pull-up rate, and an axis of abscissa is set as the direction location of a path of a crystal, 
and the pull-up rate is expressed as an axis of ordinate. It turns out that it pulls up from drawing 5 
and the V-rich field is contracting [ the rate ] by 0.84 or less (F/G value in drawing 1 below 
0.23 7mm2 / **, and min) mm/min. And it was checked that a rearrangement cluster does not exist in 
the I-rich field of this outside. It seems that the boundary line (refer to drawing 6 ) of N-field / I-rich 
field which appears when it pulls up without the usual nitrogen dope was not able to be checked in 
the case of the nitrogen dope, but the circumference serves as an I-rich field when G uses the usual 
large HZ like this invention and a V-rich field contracts. Moreover, pits, such as COP, did not exist 
at the minimum time, either, but the oxide-film proof-pressure property of this wafer was 100% at 
the rate of C-mode excellent article. 

[0045] In this example, it turns out that the V-rich field was lost, the pull-up rate from which the 
whole surface or some fields turn into an I-rich field became 0.84 or less mm/min, and it has 
accelerated about 40% as compared with 0.6 or less (refer to drawing 6 ) mm/min of pull-up rates in 
the case of having no nitrogen dope. And the rearrangement cluster originally generated in this field 
was not detected. In addition, N-field is formed in the periphery section of the crystal pulled up on 
such conditions for the silicon between grids carrying out out-diffusion by the cooling process after 
crystal growth. Thus, if it quenches as a crystal can be quenched, since it is not necessary to consider 
about **G, and G uses large HZ and the defective distribution shift effectiveness of a nitrogen dope 
is used together, improvement in the speed can be attained further. Therefore, if it pulls up on I-rich 
field crystal manufacture conditions, doping nitrogen, it is an I-rich field in the whole surface or 
some fields, and the wafer with which a super-low defect, especially a rearrangement cluster do not 
exist can be manufactured at high speed and easily, and improvement and a cost cut of the yield and 
productivity can be aimed at. 

[0046] What is necessary is to just be based on a well-known approach which is indicated by JP,60- 
251 190, A in this invention, in order to raise the silicon single crystal rod which doped nitrogen by 
the CZ process. That is, although a CZ process is an approach of pulling up slowly and raising the 
silicon single crystal rod of a request diameter, contacting seed crystal to the melt of the 
polycrystalline silicon raw material held into the quartz crucible, and rotating this, it can dope 
nitrogen during a raising crystal by putting in the nitride in the quartz crucible beforehand, throwing 
in a nitride in silicon melt, or making a controlled atmosphere into the ambient atmosphere 
containing nitrogen etc. Under the present circumstances, the amount of dopes under crystal is 
controllable by adjusting concentration or installation time of the amount of a nitride, or nitrogen gas 
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etc. Thus, in case a single crystal rod is raised by the CZ process, generating of the crystal defect 
introduced into crystal growth can be controlled by doping nitrogen. 

[0047] In this case, by the CZ process, it may face raising a crystal and a magnetic field may be 
impressed. Thus, according to the so-called MCZ method, it multiplies by the effectiveness of a 
nitrogen dope and a pull-up rate shifts to a high-speed side further. As for the magnetic field 
impressed to silicon melt, a level magnetic field and length magnetic field or a cusp field is used. It 
is because more than 3000G is preferably good more than 2000G as for the reinforcement of the 
magnetic field to impress and there is little magnetic field impression effectiveness less than 
[ 2000G ]. Therefore, if it pulls up on I-rich field crystal manufacture conditions, impressing a 
magnetic field and doping nitrogen, control width of face is wide, control is also easy, and the sex 
from Takao can be maintained and the silicon single crystal wafer of a super-low defect can be 
manufactured. 

[0048] The amount of dopes of the nitrogen in this invention is 1x1014 atoms/cm3. Considering as 
the above is desirable. In this case, although it pulled up when doping a little nitrogen, the rate was 
shifted to the high-speed side, and the effectiveness of a nitrogen dope was very large and it turned 
out that it is effective against a linear to the amount of dopes, to an I-rich crystal, it is 1x1014 
atoms/cm3. The effectiveness which controls formation of a crystal defect by considering as the 
above could be large, and was able to extinguish the rearrangement cluster. 
[0049] Moreover, an oxygen density is 1x1018 atoms/cm3 during a crystal. Considering as the 
following is desirable. Thus, it is because formation of hypoxia, then a crystal defect can be 
controlled further and the abnormality precipitation of oxygen in heat treatment can also be 
prevented. 

[0050] Thus, although the silicon between grids exists in the whole crystal surface or some fields 
superfluously The silicon single crystal wafer with which the rearrangement cluster is eliminated, or 
nitrogen is doped. And the silicon single crystal wafer or nitrogen with which the silicon between 
grids exists in the whole crystal surface or some fields superfluously is doped. And although the 
silicon between grids exists in the whole crystal surface or some fields superfluously, it is stabilized 
and the silicon single crystal wafer with which the rearrangement cluster is eliminated can be 
manufactured by the sex from Takao. 

[0051] In this case, the nitrogen which exists superfluously during a crystal adds heat treatment to 
the silicon single crystal wafer obtained by carrying out a nitrogen dope, and should just carry out 
out-diffusion of the nitrogen on the front face of a wafer. If it does in this way, in a wafer front face, 
a wafer with very few crystal defects can be obtained. Moreover, since nitrogen contains the bulk 
section of a wafer, a deposit of oxygen is promoted and it can manufacture the wafer which fully has 
the IG effectiveness (the in thorin chic gettering effectiveness). 

[0052] As conditions for concrete heat treatment to which out-diffusion of the nitrogen on the front 
face of a wafer is carried out, it is desirable to carry out at the temperature below the melting point of 
900 degrees C - silicon. It is because out-diffusion also of the oxygen can be carried out to 
coincidence while fully being able to carry out the out-diffusion of the nitrogen of a wafer surface 
layer by heat-treating in such a temperature requirement, so generating of the defect resulting from 
the oxygen sludge in a surface layer can be prevented nearly completely. On the other hand, since an 
oxygen sludge can be grown up by the above-mentioned heat treatment in the bulk section, it can 
consider as the wafer which has the IG effectiveness. Especially, in this invention, in the bulk 
section, since precipitation of oxygen is promoted by existence of nitrogen, it becomes the high thing 
of the IG effectiveness, and even if it is the silicon wafer of hypoxia concentration, the IG 
effectiveness can fully be demonstrated. 

[0053] In this case, it is desirable to heat-treat with rapid heating and quick cooling equipment. This 
equipment can perform effective heat treatment of a short time for several seconds - hundreds of 
seconds, without giving the prolonged heat history with much evil to a wafer, since it is called the 
so-called RTA equipment, and it is the automatic continuation thermal treatment equipment of single 
wafer processing and heating before and behind heat treatment and cooling are performed in several 
seconds - hundreds of seconds. 

[0054] Moreover, it is desirable to perform the heat treatment ambient atmosphere for carrying out 
out-diffusion of the nitrogen on the front face of a wafer under oxygen, hydrogen, argons, or these 
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mixed ambient atmospheres. Out-diffusion of the nitrogen can be carried out efficiently, without 
making the surface lining which becomes harmful to a silicon wafer by heat-treating in such a gas 
ambient atmosphere form. If elevated-temperature heat treatment is especially performed in an 
ambient atmosphere of reducibility like hydrogen, argons, or these mixed ambient atmospheres, 
since the crystal defect on the front face of a wafer will tend to be extinguished, it is more desirable. 
[0055] Thus, it is a silicon single crystal wafer by the CZ process [ DOPUPU / CZ process / 
nitrogen ], and the silicon single crystal wafer of this invention that out-diffusion of the nitrogen of 
this silicon single crystal wafer front face is carried out by heat treatment can be obtained. 
[0056] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail, referring to a drawing. First, drawing 3 R> 3 explains the example of a configuration of the 
crystal pulling equipment by the CZ process used by this invention. As shown in drawing 3 , this 
crystal pulling equipment 30 The pull-up room 31, the crucible 32 prepared all over the pull-up room 
31, and the heater 34 arranged around a crucible 32, It has the reel style (not shown) which rotates or 
rolls round the crucible maintenance shaft 33 made to rotate a crucible 32 and its rolling mechanism 
(not shown), the seed chuck 6 holding the seed crystal 5 of silicon, the wire 7 that pulls up a seed 
chuck 6, and a wire 7, and is constituted. A quartz crucible is prepared in the side in which a crucible 
32 holds the silicon melt (molten bath) 2 of the inside, and the graphite crucible is prepared in the 
outside. Moreover, the heat insulator 35 is arranged around [ outside ] the heater 34. Moreover, 
coolant gas may be sprayed or the tubed cooling system which is not illustrated [ which interrupts 
radiant heat and cools a single crystal ] may be formed. Independently, by installing the magnet 
which is not illustrated in the horizontal outside of the pull-up room 31, and impressing magnetic 
fields, such as a horizontal direction or a perpendicular direction, to silicon melt 2, the convection 
current of melt is controlled and, recently, the so-called MCZ method for measuring the stable 
growth of a single crystal is used in many cases. 

[0057] Next, the single-crystal-growth approach by above crystal pulling equipment 30 is explained. 
First, within a crucible 32, the high grade poly crystal raw material of silicon is heated more than the 
melting point (about 1420-degreeC), and is dissolved. In order to dope nitrogen at this time, the 
silicon wafer with a nitride is thrown in. Next, the tip of seed crystal 5 is made contacted or 
immersed in the surface abbreviation core of melt 2 by beginning to roll a wire 7. Then, while 
rotating the crucible maintenance shaft 33 in the proper direction, single crystal growth is started by 
rolling round rotating a wire 7 and pulling up seed crystal 5. Henceforth, the single crystal rod 1 
which doped the nitrogen of an approximate circle column configuration can be obtained by 
adjusting a pull-up rate and temperature appropriately. 

[0058] Next, although the obtained nitrogen content silicon single crystal rod will be sliced, heat 
treatment will be added to the wafer obtained by performing predetermined wafer processing and 
out-diffusion of the nitrogen on the front face of a wafer will be carried out, in this invention, it 
decided to use rapid heating and the equipment which can cool quickly for this heat treatment. 
Equipment like the lamp heater by thermal radiation as this RTA equipment can be mentioned. 
Moreover, for example, the product made from AST and equipment like SHS-2800 can be 
mentioned as what is marketed in addition to this, and these are not extraordinarily complicated and 
expensive. 

[0059] Here, an example of the RTA equipment used by this invention is shown in drawing 4 . The 
thermal treatment equipment 20 of drawing 4 has the bell jar 21 which consists of silicon carbide or 
a quartz, and heat-treats a wafer within this bell jar 21. The heating heater 22 and 22' which are 
arranged so that a bell jar 21 may be surrounded perform heating. This heating heater is divided in 
the vertical direction, and can control now the power supplied independently, respectively. Of 
course, a heating method is not limited to this and is good also as the so-called radiation heating and 
a high-frequency-heating method. The housing 23 for covering heat is arranged on the outside of the 
heating heater 22 and 22\ 

[0060] Down the furnace, the water-cooled chamber 24 and the base plate 25 have been arranged, 
and the open air is blocked in a bell jar 21 . And the silicon wafer 28 is held on a stage 27, and the 
stage 27 is attached in the upper limit of the support shaft 26 which can move up and down freely by 
the motor 29. Wafer insertion opening which is not illustrated [ which is constituted possible / 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/1 8/2005 



JP,1 1-349394,A [DETAILED DESCRIPTION] 



Page 9 of 10 



closing motion / with a gate valve ] is prepared in the water-cooled chamber 24 so that a wafer can 
be taken in and out of a longitudinal direction in a furnace. Moreover, gas input and an exhaust port 
are established in the base plate 25, and the gas ambient atmosphere in a furnace can be adjusted 
now to it. 

[0061] Rapid heating of a nitrogen content silicon wafer and heat treatment which cools quickly are 
performed as follows by the above thermal treatment equipments 20. First, by the heating heater 22 
and 22 1 , the inside of a bell jar 21 is heated to the request temperature below the melting point of 900 
degrees C - silicon, and is held to the temperature. If a supply voltage is controlled independently for 
each divided heating heater, temperature distribution can be given for the inside of a bell jar 21 along 
the height direction. Therefore, the location of insertion of a stage 27, i.e., the amount into the 
furnace of the support shaft 26, can determine the processing temperature of a wafer. As for a heat 
treatment ambient atmosphere, oxygen, hydrogen, argons, or these mixed gas is used. 
[0062] If the inside of a bell jar 21 is maintained at request temperature, with the non-illustrated 
wafer handling device which adjoins a thermal treatment equipment 20 and is arranged, a wafer will 
be put in from insertion opening of the water-cooled chamber 24, and a wafer will be put for 
example, through a SiC boat on the stage 27 made to stand by in the lowest end position. Since water 
cooling of the water-cooled chamber 24 and the base plate 25 is carried out at this time, a wafer is 
not elevated-temperature-ized in this location. 

[0063] And if installation of a up to [ the stage 27 of a wafer ] is completed, by inserting the support 
shaft 26 into a furnace by the motor 29 immediately, a stage 27 will be raised to the request 
temperature location below the melting point of 900 degrees C - silicon, and elevated-temperature 
heat treatment will be added to the silicon wafer on a stage. In this case, since migration from the 
stage lower limit location in the water-cooled chamber 24 to a request temperature location takes 
only about 20 seconds, a wafer will be heated quickly. 

[0064] And elevated-temperature heat treatment for a stop time can be added to a wafer by carrying 
out a predetermined time halt (several seconds - hundreds of seconds) of the stage 27 in a request 
temperature location. If predetermined time passes and elevated-temperature heat treatment is 
completed, by drawing out the support shaft 26 out of a furnace by the motor 29 immediately, a stage 
27 will be dropped and it will consider as the lower limit location in the water-cooled chamber 24. 
This downward actuation can also be performed in about 20 seconds. Since water cooling of the 
water-cooled chamber 24 and the base plate 25 is carried out, the wafer on a stage 27 is cooled 
quickly. Finally, heat treatment is completed by taking out a wafer with a wafer handling device. 
Since the temperature of a thermal treatment equipment 20 is not made to lower when there is a 
wafer furthermore heat-treated, a wafer can be thrown in one after another and it can heat-treat 
continuously. 
[0065] 

[Example] Although an example is given and the gestalt of concrete operation of this invention is 
explained hereafter, this invention is not limited to these. 

(Example) It raised, having charged 60kg of raw material polycrystalline silicon to the 20 inch quartz 
crucible, and lowering an average pull-up rate for the diameter of 6 inches, and the silicon single 
crystal rod of bearing <100> to 1 .20 - 0.40 mm/min with the pull-up equipment 30 shown in drawing 
3 , (body die length of about 60cm of a single crystal rod). As for about 1420 degrees C and the 
structure in a furnace (HZ), the water temperature of silicon melt used the usual thing, and 
consideration special to a crystal orientation temperature gradient etc. was not carried out. The 
amount of nitrogen dopes is 1x1014 atoms/cm3. It carried out and the oxygen density was taken as 7 
- lOppma (JEIDA). And the pull-up rate was changed to 1.0 - 0.3 mm/min (they are 0.282- 
~ 0.084mm2 / **, and min at F/G value of the crystal center section), and was pulled up. 

[0066] From the single crystal rod obtained here, the wafer was cut down, mirror plane processing 
was performed, the mirror plane wafer of a silicon single crystal was produced, and the grown-in 
defect (FPD, LEP (LSEP, LFPD)) was measured. Moreover, thermal oxidation processing was 
performed and the existence of OSF ring generating was checked. Based on the result, drawing 5 and 
the defective distribution map of drawing 1 were created. It turns out that it pulls up from drawing 5 
and the V-rich field is contracting [ the rate ] by 0.84 or less (F/G value in drawing 1 below 
0.237mm2 / **, and min) mm/min. And it was checked that a rearrangement cluster does not exist in 
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the I-rich field of this outside. In the case of the nitrogen dope, the boundary line (refer to drawing 
6 ) of N-field / I-rich field which appears when it pulls up without the usual nitrogen dope was not 
able to be checked. Moreover, pits, such as COP, did not exist at the minimum time, either, but the 
oxide-film proof-pressure property of this wafer was 100% at the rate of C-mode excellent article. 
[0067] (Example of a comparison) A nitrogen dope was not performed as an example of a 
comparison, but it raised on the completely same conditions as an example except having pulled up 
lowering a pull-up rate to 0.7 - 0.4 mm/min. Consequently, the defective distribution map shown in 
drawing 6 and drawing 2 was obtained. They were below 0.6 mm/min ( drawing 2 F/G:0.157mm2 / 
**, and min) and a low speed at the raising rate making a V-rich field reduce so that clearly also 
from drawing 6 . And the rearrangement cluster was detected in this field. 

[0068] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and 
does the same operation effectiveness so, it is included by the technical range of this invention. 
[0069] For example, this invention is not limited to this, but if a crystal is pulled up doping nitrogen 
while pulling up it on the conditions from which the silicon between grids becomes superfluous all 
over a crystal, it is applicable [ in the above-mentioned operation gestalt, when a silicon single 
crystal with a diameter of 6 inches was raised, the example was given and explained per, but ] also to 
the diameter of 8-16 inches, or the silicon single crystal beyond it. 
[0070] 

[Effect of the Invention] As explained above, when a crystal is pulled up on the conditions from 
which the silicon between grids becomes superfluous all over a crystal according to this invention, 
doping nitrogen, while being able to shift the pull-up rate used as an I-rich field to a high-speed side, 
the rearrangement cluster in an I-rich field can be made to eliminate, it is stabilized and a super-low 
defective crystal can be produced by the sex from Takao, and the high yield. By furthermore heat- 
treating into this crystal, near the front face, nitrogen carries out out-diffusion, sufficient 
precipitation of oxygen for the gettering by nitrogen can happen, in bulk, it is a sex from Takao and 
the silicon single crystal wafer excellent in the oxide-film proof-pressure property can be 
manufactured easily. 

[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 4] 
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[Drawing 6] 
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[0008] CCN -«««, e£^& 

c&NHKWcwr, jtfai/a^fflfc <v. v. vor 
onKovrJournal of Crystal 
Growth, 59 ( 1 982) 625-643) V 

-**&itttft*r*&i«iiTi**. ecocide* 
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[0009] -ecreis. ffirtG>Gc*#TF&s*iibt\ 
±>>t£ts-tc. ate. cvsimw-ftwoteBiZmzii 

fc. JSa^^^tcSEo-CG^Sifc-riCi?:^ 

fc. e^HN-tt«ttfctt*n-W 
[0010] U±CMh. WKTfT^n-CC^^PBIftWS 

dtc. tMM:£Sv-y * ^&«<ti>?«n*, 

3l±<f *(c % 1 15 0-108 o TC©sft^«oc-sa^ 

[oonlsrc ^i±cfiift«:S< or, 

tct3E*^e», v - y * *CC'^atC^«: K-^T**tt 
^tfbntfeO. FPD^COP^€0^ri>^»4>©^ 
30 fF6*VCl<*. 
[0012] 

J:^«&Bt«:. H±tfiigF*?SigfbLJ:^iT&*i 
isle. #a>zi70>m§b&e>?ti\t: femom&n^ze 

*r^(attS5EG^7c*<rnii:j:^^. g«t$ss©»* 

^ I- : H 2 ) CeRI|WA.& WCC, 6£JiMft 

[ 0 0 1 3 ] $ fc, V - >J 9 *^^2t^ti , Xffi<D* 
<0ett«:ilG*C«a63»* "J - ^ O. P - Ni> ^ > 9 1>' s > 

50 fc. RoBffifittrM^tf^^, v-y^*ttftj:#)6 
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[ooi4]*t,r, us* K-7U^c5i^cz^ 
[0015] c<dh f>ttmu£icm»zt2ti 

fcfc©r\ »*TKi*!lfflrtg^j£< . WdSl'M&M 10 

r. #«:«c£*-7**--fc8»i,fc I - *J ? ^P«a>*E> 

[ 0 0 16] 

[ss**?fcr*fc«><&^fs] -*ww*. pissw*^ 
wo^it ?s *7***-&K£orwgfcsnfc 

[0017]* OrflMHM 2 CCEfcOfclfflU:. ? s * 

7 a- * * * -7 r we&s n fc f 'J =2 >HM£ii 9 x - 
/wA-jt, iflWF-^dn. *-?tt£iH**iJii 

[ 0 01813 6«c»*i3K:S)Rl/WW«. 

v m * * £ -7 r^gfcs n fe i"j =j >4MM * x - 

[0 0 19] M;HMcc^0fc&«*. fifcfc 

9 1 & I - 3 Ki23£<* nfc 1/ 'J 3 > * x - 

~:f3nfciZSsBft61 x 1 0"a t omc/cm' fc! 
liU ail^T|6<OJ:^«:. fta4iMKiUe«l * 1 0 40 
"atoms/cm' KlTt?&C±&V2&. 

[0021]* or, -*^q^j[S7 (cacsofcmi 
[0 02 2] ^or, c©J:^*vyri:/*m»*x- 
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5 

^ftiir* 2/ 'J 3 VSISJI * x - / \«>tGB«tt 1 C«6. 
[0023] Cor.j:^tc^S*F-^L^^^*ll 

I -y **&i£K^T*£e^(£*?**~- 

[0024] S6tC, »#J[S9ica$i/fc#wa. * 3 
>? 4, A J: o r f U =2 
(C. £X* F-^l^a^tei^MfcM'ifr-^fg^ 

>*fte9x-/M0j»#srcab*. cw^«:rn 

S F 'J > ^^eE^^3tl^0>TO±®4)^»i*-^ 
# I - 'J v ^#r*££ttr£SK*te«LLl:r£C 

[ 0 0 2 5 ] *itr*^©S#:*3f 1 0 tciB^U^m 

•■r-SSttC, 5l±tf:&j&*:F [mm/oiin] ilx. i'V 

^<m&i*>*> 1 4 0 0 *c<mo>$\kimi50\<Dtemft 

&Bt%SZ0>¥*)&£G [*C/mi!i] V&UTM. 
^eMSSISfOiWD [mm] ^ffisadO. F/ 
O [ mm 1 /'C • in i n ) or OT5>T?«: 

^s^fec-r. F-^o&3»s^«a«f i±(f^c 
[ 0 0 2 6 3 cci ^tc. ^ - is£c£$sm£»?SJR*r 

SF £UV n^QMgJPh 1 4 0 VC<omo>*\±lisBii 

^^^-^gf^^n^o is or, g*tK-^tw6 
r**«>r\ js&etifltiBtti/r^ysivwta^x- 

[0027] T^*>fe, CCC-^tC^nti, «s±@«> 

ffi. e&^^^^-^w^^nr^-s^y 

V^fe^^x-zx^liMS^F-^^n, ^fe^M 

^tett * v * 2 nr t-£>> y 3 >$«a^ x 
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[0 02 6] CC'^, igtfnil l£i2ttl*fc£*(C, 

[0029] Sfe. 1**911 2tc&mWcJ: J 5l£. K- 
7^*f&2t?A&£l x i 0 14 a t oms/cm J CLJbfc 

"a t omo/cin 1 fcLLKr4<WS*l,t^6r'A 
*. 

[0 03 0] 3 6cc, ifrfrHi 3£l2ttUfcJ:9tt:. A 
M>B&£iflK£ 1 x l 0"a t oms/cm' UT±? 

B*CC>trrtt^ii3ft. +»CCf>HJ>t/ 30 
[0 03 2] C©^, gg#JIl 5fcl2ttl'fcJ:9C, 

mn«»«rfiisaiM - :b»wi«b [vlt* r t a 

(Rapid Thermal Anraler ) K 

trttfiasrirrc 40 
[0 03 3] ut, *tuK~**muz*m**v* * 
*wtfcn&Ki»*stt*4>«!>Titt:<r>. -Miwefefi* 

!) FPD (Flow Pattern Defec 
t ) <tt*, S»»«>^y=i>«*Sfil^'?*-^«:tt 

f L-CB&OIKtfcft, Ki Cr, 0 7 ££B&*£«£ 
S!rCiI«:X^>^ (Seccox?*>^) 1*4C 

fi&£FPD<U*l^ -5*-^Brt®FPDft«3W5^ 50 



4#83¥l l - 34 9 39 4 
8 

»£MUUiiE<CTJU»'fl*.* <»E¥4 - 1 9 2 3 4 
5 • 

[0034] 2) SEPD (Secco Etch P 
it Defect) F P Dip! — (OS e c c o 
x*?>y*fcUd5K. ftngiS (flow pat 
tern) feOSrF PDiW. sfcftSttfcffcb 
^fc©«rSE PD ±0?*, C©^' 1 0 ii inW±G>*: 
*c»SEPD ( LSEPD) tiisti^^fr-KitsEhr 

[0035] 3)LSTD (Laser Scatte 
r i n cr Tomoerraphy Defect ) t 

-CKDttl'fcH. $x-/x«Mr*. COftNBMQ 
«M**AJHL. $xw%&®*fcW:fc#£&tii-***C 
<h -C * x - ^fylc * *Pg tc J: * SiSL^€r^ttir £ 

(J. J. A. P. Vo 1. 32. P3679. 1 9 

[0036] 4) COP (Crystal Oritri 
nated Particle) fxw^i. 
^©KffcfiiSEft^ffcd^^Kai^iXRat 1 . Sec 
c ox?*T'tf FPDKa*XI«a*. SC-1&8MN 
H, OH : H 8 Oj ; Hi 0-1:1:1 OOSSfttC 
J:^^) r-i*silRx ? ?>>fSiUOS*, COPK 

[0 03 7] 5) L/D (Larere D i s 1 oca 
t i on Kli, LSEP 

D. LFPD^**J. ett^-^iSSi^etirC' 

Centre LSEPDk*, iffil/^^JCSEPD 
fl>4"C4>l 0pratLbO*#C*<><i>«:4r»^. LF 
PD4*, ±Sb^cFPD©4 s "C^»gt-^ KD**3*s 

[0038] *£H*fcti. fttc^(®^9 - 1 9 9 4 1 

m&istctcz. co>t?m&&o>&<&i.>$mic fp 

D. LSTD. COPfl>»^SO<^<, LSEPD 

[0039] -ecr, c®N-««f?x-M±iBtcja: 
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&Xi&Get<D&&&G = (Ge-Gc) S5*C/cm 

^6n&j:^«:nf^fc, ultras*. ca>^t?ii io 

[004 0 ] £3t^<E^3^fcfoS: F-^l/fc 

C-*Ci*, S£^6i<D> : & K-^l/fctt^K, OSF'J 
> S^AftE^*^ < * * C <t T*tfi JU - 

i&fc^y 3>^SH*tch"-^f i'ya>4HM! 

^rl»Sn-C<r»-5 <T.Abe and H.Takw f tet.Res.5oc.5 20 
W.Proc.Vol.252,3,1992 ) 0 

[0 0 4 1 ] -£CT\ M3fc K-^tCOi^r, ttSi*^ 

[0042] T&frfc, g&&F-^T£Ci:a:c*:-7 
-0i&<tt6C&tfH-»fc, cm*. ?Jflt*F-^btt 30 

[ 0 0 4 3 ] ■ 1 t*, itS6 -f 3 >#tt3 

-C. «K-»*1 x 1 0'* a t oms/cw' it, 

TfrC&O • «Sa<C«friaittB*f#S&£ I/, F/GS&K* 
€A£(sT&L'*Ci»*. ^ J:^tC. V-iJ 40 

5 0mmSTO(4B£«!>H'CliO. ZZlvnisi 1 /"C- 
min^WKiib. COfflRd»6^fH«:3W*r 
t*F/Gfl«r^OA:m±^*>&o *fcN-«tt/l - 
•J ? fflmteMJN*, Mm F~^e*M4nrct*ttL' 
as. AG^^v*ori2j5 0J:^ti:±ffiN-^igE«:{inf 
*=>r. Jg&o-glWi I - y ? *§i^v^trc^, 

^©4^s^ifii«. fi«Jifir'^-rj:^^F/G§a^ci'i>c 
<fc*ca* 0 fto-c, £x-;^<*>v- y??MU£tti* 50 
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<./fc£B*&^«-** i - y 5 *fg«± 
^cf^-r^^li, tUMMl'titS-CO. 237mm 4 

[0044] H5t*, iLS6^>^«E>f^'M3>*aa 
■C. ^K-^S* 1 x i 0"a t oais/cm' £1/ 

«Hibr*l/-Cl**. @5^^l±Cf]US^0. 8 4 
inni/m i nWT (0 l'Ck*F/Gti^0. 2 3?inin 
* /*C - in i nUT) TV - U ? ^|H**Wi*U , Cl-& 

c ttm&o * brc<o?\&\<D I - y ? *vm:&)stiL 
F-«ro«i±w fc*i£K*in*N 1 - u 7 

(B6M) ti, S^K-70?i8^tclt 
^W©J:^KGriM;*<,>g&<D 
H Z fc^OfttB^Kti. V- y ? ^m^'Mrfe 
B9. *«S>MHtt I - y ^fMtttttvCl****-^ 

Ox-^<^ft§SME«tt«, C-«-FAA*-C10 

[0045] CflMfCtt. V-'J 7 ^ppf,t<^n 

i£&i*0. 84min/mi nJ&lTi^O, MEK-^ft 
l/C£Ja^<Q3l±<fiiJ£0- 6min/n) i nfclT <H6& 

C 05 J: ^ tc AG <c^i • rK^T C ^o*c 

- ^(C-XRS h ^ ^^^ntf, J: 0 

fk<:ia*Ctdi-Cft*. ISot:, MS?:K-7*U^e 

i - y 7 *^«&mMi£^f*n:'ii±<fmi:, ±m$tcit 

[0046] *SffltCfc<r»T, CZttW^TmK 

- L «> y 3 4 (c i &*. *mm 

136 0-2 5 1 19 0*CE2ttdn-CV»&J:^aftWO 

cn*@«E3i*fr#fc*>-5< o^id±(f a c^ra 

flLSOvy 3>^Stfi«>St^tl>6^. *>^> 
Siig+^«fk1S^iS:A*r^^, #aSi^x*M^^^tf 
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[0 04 7] CC^, CZ*CJ:->-a«M:*raW * 
* t, < 1*3 0 0 0 GfcLh#ft< , 2 0 0 0 G&frC\m 

*o«t* K-^ua^fc i -y? rmmmmt 

[0 04 6 J *^tCfe^^«^(DK-7aii. ixi 
0 x< a t o ins /cm' CLL£ (A >• CG> 

ttUTy~TKai*Tt'*c I - y ? * 

lxio^at 0ffl5/cffl , W±i 
* C ± T'£J|*lfiSG>^e££ * < , S 

[0049] * ts&PW&M&t. ixi0 l, at 
[0050] COC-Jr^KO'C, lfcB±iH** I 30 

^-MWftinxc-ss/yn^wta^x-M. *fci* 

tt-fra v y ^ ^dsasdccusrt- & v y n - 

Sfcfctww > y ^ ar * * a * 

-#H» $ n c <, v y n > «=M£.I1* m *£te r 

[0 0 5 1 ] CGtfMr, ttA4>tCaftMK:9{Er«MX 
It. a»K-^Ur»6tiA:S<ya>«*S^-^K: 40 

cv>£5tc?n\£. *x--^&ifitcfc<,*"cS«>r 

[ 0 0 5 2 ] ^x-M^Scr.«j&«:<i.^ii:St$l*^^ 
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Mitt*, >oi>*SBu:*j<,»-cli, SJRcEWlSic.fcOBBft 
[ 0 0 5 3 ] C (Dm& % ©«&*:gugftj& • SSttiPtt 
fT^CC'TT", ^«2£l*^|ig©J&J£S*$X~^tC#* 

Here 

[0054] $ fc, 0 x-;*&®G>gft*#«£gSi*«ii 
SfcaW^fcyggHSft*. MX. **. TiU^>A*l* 

[0055] COJ^CCts-C, ^K-77UCZ 

n-c <r»* i t * 5 ♦wioi' y ^ >ms a ox-^tw 

[ 0 0 5 6 ] 

tfMHOI*. ?I±W43 1 5l±t^3 l4KCS(t 
-»3 4<t, A^^3 2«iKd«-S^iK#»M3 3 

o«tt*a^^ws*»^*TOW[>w«©»iiai5 
B*ftw-c*J:i». site. «jsri«i±w*3 i©** 
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[0057] ±I200«S^I±«^S3 OK J:* 
t?^ v 2 ><ast4itt$&j|^&ib£ l 4 2 <r 

TT4a< 0 *«C. P^-^gedtt? CitCJ:Oife«2<0 10 
A y^fUttk3 3 fca*«!>*l*lcB«£3 t 

§l±tfiittifiS*aWcS!Hair4C<!:tCj:0KPHt^ 

[0058] awe, ?f ^>n^cM^^^»j 2 >*$±a« 

**>©±OT. WU*A S TttSl SHS-2 8 0 0O 

[ o o s 9 3 c c x\ *&mv®mr*R t a^scd- 

«*IH4 H4 4>£MSB&B2 0l*, MtOttft 

^**l-l*Ejr*>&ttS*<AS>+2 1WU Cfl)^ 

as? +2 lrt-ox-'^swyar^jr^Kifto-ci* 30 
*n»t-*22. 22' kj:-?t?t$, c<&tti8t-* 

anaam^c&u , c^j:w. »»t-^2 2. 2 

2' CffMtCtt. tt*WT*ft:ito>"?S'>?'2 3tf 

[ 0 0 6 0 ] &<DTiS1>C.a. + >><2 4 A 

7b-l25^g2S$n. ^tSlrtt, 40 

^sao-cc'*. -ei/r^»;n>^x-^2 8ii^^-^ 

2 7±tc<!itf#3n£J:^KS-?r*jD. X*--i>2 7l* 
$f 2 9 tdJ: o , C±TSiaattS»U2 6<D±^tc® 
Q-?Ci&ft-Ct»6. *fft? + >"24(H*NhEm*>&0 
x - ^ftffrtltlH U AM * * J: 1 (C . y~tJ<*7iC 

&Hi*>nxi*&. Site* ^-a7"u- h2 5K#. #X 
[006 1 ] tl±OJ: *&tt«UHK 2 0 tc J: o'C, « 50 
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3ftg [US' ><03i*tti& * SMiPt aft** 

BB'^OJ^Kfrbti*. ST, fti»b-*2 2, 2 
2* (CJ:- ? r^A<>*2 lA*. 0M.«9OO*C^S'y 

BSttl*. l>2TOttS. «*>fexK«2 6€!> 

[0062] 2 1 &mWAtttvmtvStltcU 

fc. m*3&£m 2 0 tClSn&LTffiBS *v£>, 4qa*4>9 

'f2 4CD*MJ34»&An. *Tia<fcB-cf*ta3ifftx^ 

-^2 7±Kfflitl*S i C#-Krftl/T$x-->**ja 
2 5fct*?fc3*vcC*£<P*C. $x-/*4iCQttB"Cl** 
[0063] *l/"C\ •5x-.mcdx^-S>27±-MD«5 

■*s*7i«fc&6. T<ic*-^2 9^j:- 7 r^f*iB2 

I o 0 6 4]* or, x^-i>2 7 ^m^mattST:-, 
x-/Mc^ih»H<w>ss«wasa**ii&c 

2 9lC£^X*.mb2 6 £&ftfrh$\Z&< C 
£l££r>X. Xf-«->27«TO$Wft^'<24 
rtCTiSCigiTio CCCTOfi^f?^. Miltt2 0tHa 

r. jgw«a*^7^^. s^tcft4/Lsr^^x-vx^ 
q>x\ *x*uL**~^&#\L,m&nt£immzr2>c 

[0065] 

\mm] kit. icft^(c^(tt5nt*tfi(^as^*i6« 

<^fe«) @ 3 KSlffc? l±Cf «3 0 X\ 2Q4>* 
55t A ^(csn^Mf ij ^ > «: 6 0 K er ^ + -t> 
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LbW"»«* 1 - 2 0-0. 4 0min/a»inK 
c m > o >MA4>&fii£ft 14 2 0 "C. *5|%B£ 

<HZ) t*a*«>6c[>4ft^o, 

KttMfl>MttU&*-7fc. *SK-:*ftlil * l 0" 
atomo/cm' iO. nSifitttt. 7-!0ppm 
a < j e i da) ±urc. *or, ?|J:WaUE* 1. 0 
-0. 3inm/(Qin (aM^Hl^F/GfTCO. 2 
8 2-0. 084mm 1 /"C - m t n> tc&ftStTC 51 

*-a-W>XK8 (FPD, L E P ( L 
SEP, LFPD) > Offlfc&ft^tc. Sfc, ttBNM 

a£teuTOSF'j>?%±4>w^m^fc. -e<w* 

rt>M|±tfa«#0 - 8 4 mm/in i n«T <@ 1 Tl* 
2 3 7 mm 1 /"C * m i n fcTF> *CV - 
•j * ?tm#>&<\ xo x i *z c t . «c- 1/ X C <09\ ffil 
-y T^ta^t^t^^^x^-^sc/^c^ci 

fc. 

[0067] ( ifc*2«> tt«M£ t/C^S K-^^?it> 
r. 3|±tf*ftfc0. 7-0. 4mflj/fflin{CTW'ft 

ft*:. ^6a>6*^ktf>*«*:^ V-U?9-fRIM;lt 
*3tf£Kt«lJLi££rO. 6mm/nm (@2rti 
F/G : 0 . 15 7 mm' /X, • in i n > «T£«*C 

[ 0 0 6 8] £tfc, ±S*iW*c|JWE3n 

-atStaMrwi/. ra««rfPWW«r&6«E«. 

[0069] flfliltt, ±KWfc*a«c*>l*-Ctt. i££6 
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[0070] 

[t»M*M] 6LhlM!l/fe,J:*«c. ^jwnc*™*. 

i ft *&#ri£,§,S:$l±<f fcflte, I - y * 

io tc. i -y ?^m>c«>«ci&>9^*-<:SMd«& 

i? *X'\tm%ttc ? * y > ^Kt^BX«liW« 
CD. Kffcia*EefiK:«tifc^y=i>stt^x-M 

[»^^] 

[0 1 ] *^©SS«r K-^Ofc>tf a>^JSSKlto 

[ s 2 ] e&«ztf t±w*»e w &«srto>$ss<?>a* 

f&ltig&BNiBi U F/G!d«:Si$9aibfeJS#0C'llX8g 
[03] *MB-C*fflWcC2S«CJ:*«»«l±W r « 

[@4 3 -*»wccOT i/^UUdk • «K4Mlpa>- 

[05] ^W©fiS«r K - ^ O fc f 'J 3 >^l$^tC 

[@6] a^gi±w-*£E<cfeif&«art«»a©a* 
[w^Ofift^j 

l-tfjMMAtt. 2-^y3>ika. 3 4 - 

ir. 3 0-SISWI±W^ 3 1HI1W. 3 2- 
A?*fc 3 3-*9#fi»*, 3 4-t-^, 3 5-K 

sh. 2o-e<aa^a. gi-^t, 22. 2 

40 2* -ftBSb-Jr, 2 3 ~^9tt>y. 2 4™*»f* 
2 5-^A7U-h, 2 6 -Sf#f4. 2 7 
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